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Multi-Mode Image-Processing Based 
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DOF Determination Of Image Formation Optics 
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DOF_PMAG.zpl 


graphics 

xmx=xmax() 

xmn=xmin() 

ymx=ymax() 

ymn=ymin() 

xwidth-xmx-xmn 

ywidth=ymx-ymn 

xleft=xmn+(0.rxwidth) 

xrigh=xmn+(0.95*xwidth) 

ytopp=ymn+(0.05*ywidth) 

ybott=ymn+(0.7*ywidth) 

line xleft,ytopp,xrigh,ytopp 
line xrigh,ytopp,xrigh,ybott 
line xrigh,ybott,xleft,ybott 
line xleft,ybott,xleft,y1opp 

format 4.3 
settextsize 140,80 

gtext 0.68*xwidth,(0.85)*ywidth,0,"Wav : " 
gtext 0.68*xwidth, (0.88)*ywidth,0, "WGT : " 
for i=l,nwav(),1 

gtext (0.68+i*0.05)*xwidth,0.85*ywidth,0,$str(wavl(i)) 
gtext (0.68+i*0.05)*xwidth,0.88*ywidth,0,$str(wwgt(i)) 
next 

gtext 0.68*xwidth,(0.91 )*ywidth,0,"Relative illumination: " 
gtext 0.9*xwidth,(0.91 )*ywidth > 0,$str(reli(nfld())) 
settextsize 90,50 

input "Please input startpoint (mm):",start 

if (start<=0) then input “Please input startpoint (mm):", start 

input "Please input pixel size (um):",pix 

if (pix<=0) then input "Please input pixel size (um):",pix 

for i=start,start+150,10 

xpos=xleft+(i-start)/150*0.85*xwidth 

line xpos,ytopp,xpos,ybott 

format3.0 

gtext xleft*0.85+(i-start)/150*0.85*xwidth,0.72*ywidth,0,$str(i) 
next 

settextsize 70,40 
for i=1,14,1 

ypos=ytopp+i/14*.65*ywidth 
line xleft,ypos,xrigh,ypos 
format 3.0 

gtext 0.05*xwidth,ytopp*0.9+G-1)/14*.65*ywidth,0,$str(14-i+1) 
next 

gtitle "The DOF and PMAG curve of current design" 
gdate 

format 12.6 
oldthic=thic(0) 

getsystemdata 2 
settextsize 120,40 

j=1 

gtext xwidth*0.018,0.85*ywidth,0,"centering " 
for i=1 ,nsur()-2,1 

if (gind(i)!=0.0) 

format 2.0 

gtext xwidth*0.10+G-1)*0.07*xwidth,0.85*ywidth ,0,$strG)+" 
gtext xwidth*0.12+G-1)*0.07*xwidth,0.85*ywidth ,0,":" 
format 4.2 


FIG. 411 



DOF_PMAG.zpl 

if(curv(i)*curv(i+1)<0) then 
centering=abso((sdia(i)*curv(i)+sdia(i+1 )*curv(i+1))) 
if(curv(i)*curv(i+1)>0) then 
centering=abso((sdia(i)*curv(i)-sdia(i+1 )*curv(i+1))) 

gtext xwidth*0.13+G-1 )*0.07*xwidth,0.85ywidth,0,$str(centering) 

j=j+1 

endif 

next 

format 4.2 
settextsize 70,40 

gtext xwidth*0.018,0.91 *ywidth,0,"image space f/# : "+$str(vec2(8)) 
gtext xwidth*0.018,0.94*ywidth,0,"effective focal length:"+ $str(vec2(7)) 

Icolor (3) 

gtextcent ymn+(0.77*ywidth),"distance (mm)" 
gtext xleft*0.32,0.5*ywidth,90,"bar width (mil)" 


format 12.6 

settextsize 100,40 

minmtf=1 

maxfreq=0 

thic 0=start 

update all 

for k=0,200,0.2 

!i=nfld() 
for i=1,nfld(),1 

getmtf k t O,i,2,1,1 
Iprint vecl(O) 

Iprint vecl(l) 

if (vec1(0)<minmtf) then minmtf=vec1 (0) 
if (vecl (1 )<minmtf) then minmtf=vec1 (1) 
if (minmtf<=0.3) 

maxfreq=k 
goto 1 

endif 

next 


next 
label 1 
Icolor (1) 


loutput "1 .txt" append 
oldxpos=xleft+0/150*0.85*xwidth 

oldypos=ytopp+(14-( 1 /(maxfreq/(sdia(0)/sdia(nsur())))*0.5/25.4* 1000))/14*0.65*ywidth 

switch =0 

m=0 

for j=start,start+150,3 
thic 0=j 
update all 
minmtf=1 
for k=m,200,0.3 

!i=nfld() 

for i=1,nfld(),1 

getmtf k,0,i,2,1,1 

if (vec1(0)<minmtf) then minmtf=vec1(0) 
if (vecl(1 )<minmtf) then minmtf=vec1 (1) 
if (minmtf<=0.3) 

maxfreq=k 
goto 2 

endif 

next 

next 
label 2 

if (maxfreq-5)>0 
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rn=maxfreq-10 

else 

... rn=0 
endif 

Iprint j.sdia(0),sdia(nsur()),maxfreq 

if ((switch==0) & (1/(maxfreq/(sdia(0)/sdia(nsur()))) 0.5/25.4*1000<=13)) 

!color (0) 
format 5.2 

a$="FOV for 10 mil: "+$str(2*sdia(0)) + “ at “+$str(j-2)+ mm ; ” 

gtext xwidth*0.018,0.97*ywidth,0,a$ 

switch=1 

format 12.6 

!color(1) 

else 

if ((switch==1) & 

(1/(maxfreq/(sdia(0)/sdta(nsur())))*0.5/25.4*1000>=13)) 

!color(0) 
format 5.2 

a$=$str(2*sdia(0))+" at "+$str(j-2)+" mm" 
gtext xwidth*0.44,0.97*ywidth,0,a$ 
switch=0 
format 12.6 
goto 3 
fcolor(l) 
endif 

endif 

newxpos= xleft+G-start)/150*0.85*xwidth 

newypos=ytopp+(14-(1/(maxfreq/(sdia(0)/sdia(nsur())))*0.5/25.4*1000))/14*0.65*ywidth 
if ((14-14*(oldypos-ytopp)/0.65/ywidth)<14) then line 
oldxpos,oldypos t newxpos,newypos 
oldxpos=newxpos 
oldypos=newypos 

next 
label 3 
thic 0=start 
update all 

oldxpos=xleft+0/150*0.85*xwidth 
oldxposl =xleft+0/150*0.85*xwidth 

oldypos=ytopp+(14-(0.5/((0.5/1.6/pix*1000)/(sdia(0)/sdia(nsur())))/25.4*1000))/14*0. 
65*ywidth 

oldypos1=ytopp+(14-(0.5/((0.5/1.4/pix*1000)/(sdia(0)/sdia(nsur())))/25.4*1000))/14*0 
.65*ywidth 

for j=start,start+150,4 
thic 0=j 
update all 

newxpos=xleft+(j-start)/150*0.85*xwidth 
newxposl =xleft+(j-start)/150*0.85*xwidth 

newypos=ytopp+(14-(0.5/((0.5/1.6/pix*1000)/(sdia(0)/sdia(nsur())))/25.4*!000))/14*0. 
65*ywidth 

newyposl =ytopp+(14-(0.5/((0.5/1.4/pix*1000)/(sdia(0)/sdia(nsur())))/25.4*1000))/14*0 
.65*ywidth 

line oldxpos, oldypos.newxpos, newypos 

line oldxposl ,oldypos1,newxposl .newyposl 

oldxpos=newxpos 

oldypos=newypos 

oldxpos 1 =newxpos 1 

oldypos1=newypos1 

next 

thic 0=oldthic 
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Illumination Design Goals For First Illustrative Embodiment 
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Linear Illumination: Osram LS E655 
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LED Arrangements For Near-Field And Far-Field Wide Area 
Illumination Arrays And Narrow-Area Illumination Arrays 
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Cylindrical Lenses For Narrow-Area Illumination Array 
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Linear Illumination Profiles 




FIG. 5C5 











































Area Illumination: Osram LS E67B 
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Plano Convex Lenses In Front Of Far Field LEDs 
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Wide-Area Illumination Profiles (Near) 



FIG. 5D5 
























Wide-Area Illumination Profiles (Far) 
















Pixel Value Calculation 
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Automatic Light Exposure Measurement And 
Illumination Control Subsystem 













Drive Circuitry For LED Illumination Arrays 
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Drive Circuitry For LED Illumination Arravs 
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METHOD OF GLOBAL EXPOSURE CONTROL 
WITHIN A IMAGING-BASED BAR CODE SYMBOL READING SYSTEM 



FIG. 7E1 






STEP E: UPON ACTIVATION OF THE AUTOMATIC LIGHT EXPOSURE 
MEASUREMENT AND ILLUMINATION CONTROL SUBSYSTEM, 
PROCESS THE ELECTRICAL ANALOG SIGNAL BEING CONTINUOUSLY 
GENERATED THEREWITHIN, MEASURE THE LIGHT EXPOSURE 
WITHIN A PORTION OF SAID FIELD OF VIEW, AND GENERATE AN 
AUTO-EXPOSURE CONTROL SIGNAL FOR CONTROLLING THE 
GENERATION OF ILLUMINATION FROM AT LEAST ONE LED-BASED 
ILLUMINATION ARRAY IN THE MULTI-MODE ILLUMINATION 
SUBSYSTEM THAT IS SELECTED BY AN ILLUMINATION ARRAY 
SELECTION CONTROL SIGNAL PRODUCED BY THE SYSTEM 
CONTROL SUBSYSTEM 


STEP: F: USE THE AUTO-EXPOSURE CONTROL SIGNAL AND THE 
ILLUMINATION ARRAY SELECTION CONTROL SIGNAL TO DRIVE THE 
SELECTED LED-BASED ILLUMINATION ARRAY AND GENERATE 
ILLUMINATION THEREFROM INTO THE FIELD OF VIEW OF THE CMOS 
IMAGE SENSING ARRAY, PRECISELY WHEN ALL ROWS OF PIXELS IN 
THE CMOS IMAGE SENSING ARRAY ARE IN A STATE OF 
INTEGRATION, THEREBY ENSURING THAT ALL ROWS OF PIXELS IN 
THE CMOS IMAGE SENSING ARRAY HAVE A COMMON INTEGRATION 
TIME. 
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Software Block Diagram 
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Examples of Svstem-Defined Events 
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Input / Output Manager 
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Input / Output Subsystem 
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Memory Control Subsystem 
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Memory Control Subsystem 
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User Commands Manager 
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Example of Flow of Events 



Linux OS 












Example of Flow of Events 



DQ 

CO 

d 













Example of Flow of Events 


CD 


CD 

> 

CD 















Example of Flow of Events 



=J o 

= o 


Q 

co 


d 

LL 
















Example of Flow of Events 












Example of Flow of Events 




Linux OS 













Example of Flow of Events 
















Example of Flow of Events 




Linux OS 















tf) > , 

° <0 w 
c r- ca 
O 0) H 

' m ^ 
c o TO 

E -o 
= O £ 














































Example of Flow of Events 














METHOD OF ILLUMINATING OBJECTS WITHOUT 
SPECULAR REFLECTION 


STEP A: USE THE AUTOMATIC LIGHT EXPOSURE MEASUREMENT AND CONTROL 
SUBSYSTEM TO MEASURE THE LIGHT LEVEL TO WHICH THE CMOS IMAGE 
SENSING ARRAY IS EXPOSED. 


STEP B: USE THE AUTOMATIC IR-BASED OBJECT PRESENCE AND RANGE 
DETECTION SUBSYSTEM TO MEASURE THE PRESENCE AND RANGE OF THE 
OBJECT IN EITHER THE NEAR OR FAR FIELD PORTION OF THE FIELD OF VIEW 
(FOV) OF THE SYSTEM. 


STEP C: USE THE DETECTED RANGE AND THE MEASURED LIGHT EXPOSURE 
LEVEL TO DRIVE BOTH THE UPPER AND LOWER LED SUBARRAYS ASSOCIATED 
WITH EITHER THE NEAR OR FAR FIELD WIDE AREA ILLUMINATION ARRAY. 


STEP D: CAPTURE A WIDE-AREA IMAGE AT THE CMOS IMAGE SENSING ARRAY 
USING THE ILLUMINATION FIELD PRODUCED DURING STEP C. 


STEP E: RAPIDLY PROCESS THE CAPTURED WIDE-AREA IMAGE DURING STEP D TO 
DETECT THE OCCURANCE OF HIGH SPATIAL-INTENSITY LEVELS IN THE CAPTURED 
WIDE-AREA IMAGE, INDICATIVE OF A SPECULAR REFLECTION CONDITION. 

STEP F: 

IF A SPECULAR REFLECTION CONDITION IS DETECTED IN THE PROCESSED WIDE- 
AREA IMAGE, THEN DRIVE ONLY THE UPPER LED SUBARRAY ASSOCIATED WITH 
EITHER THE NEAR FIELD OR FAR FIELD WIDE AREA ILLUMINATION ARRAY. 


IF A SPECULAR REFLECTION CONDITION IS NOT DETECTED IN THE PROCESSED 
WIDE-AREA IMAGE, THEN USE THE DETECTED RANGE AND THE MEASURED LIGHT 
EXPOSURE LEVEL TO DRIVE BOTH THE UPPER AND LOWER LED SUBARRAYS 
ASSOCIATED WITH EITHER THE NEAR FIELD OR FAR FIELD WIDE AREA 
ILLUMINATION ARRAY. 


FIG. 13M1 



STEP G: CAPTURE A WIDE-AREA IMAGE AT THE CMOS IMAGE SENSING ARRAY 
USING THE ILLUMINATION FIELD PRODUCED DURING STEP F. 


STEP H: RAPIDLY PROCESS THE CAPTURED WIDE-AREA IMAGE DURING STEP G 
TO DETECT THE OCCURANCE OF HIGH SPATIAL-INTENSITY LEVELS IN THE 
CAPTURED WIDE-AREA IMAGE, INDICATIVE OF A SPECULAR REFLECTION 
CONDITION. 


STEP I: 


IF A SPECULAR REFLECTION CONDITION IS STILL DETECTED IN THE PROCESSED 
WIDE-AREA IMAGE, THEN DRIVE THE OTHER LED SUBARRAY ASSOCIATED WITH 
EITHER THE NEAR FIELD OR FAR FIELD WIDE AREA ILLUMINATION ARRAY. 


IF A SPECULAR REFLECTION CONDITION IS NOT DETECTED IN THE PROCESSED 
WIDE-AREA IMAGE, THEN DRIVE USE THE DETECTED RANGE AND THE MEASURED 
LIGHT EXPOSURE LEVEL TO DRIVE THE SAME LED SUBARRAY (AS IN STEP C) 
ASSOCIATED WITH EITHER THE NEAR FIELD OR FAR FIELD WIDE AREA 
ILLUMINATION ARRAY. 


STEP J: CAPTURE A WIDE-AREA IMAGE AT THE CMOS IMAGE SENSING ARRAY 
USING THE ILLUMINATION FIELD PRODUCED DURING STEP I. 


STEP K: RAPIDLY PROCESS THE CAPTURED WIDE-AREA IMAGE DURING STEP J TO 
DETECT THE ABSENCE OF HIGH SPATIAL-INTENSITY LEVELS IN THE CAPTURED 
WIDE-AREA IMAGE, CONFIRMING THE ELIMINATION OF THE ONCE DETECTED 
SPECULAR REFLECTION CONDITION. 
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IF NO SPECULAR REFLECTION CONDITION IS DETECTED IN THE PROCESSED 
WIDE-AREA IMAGE AT STEP K, THEN PROCESS THE WIDEAREA IMAGE USING 
MODE(S) SELECTED FOR THE MULTI-MODE IMAGEPROCESSING BAR CODE 
READING SUBSYSTEM. 


IF A SPECULAR REFLECTION CONDITION IS STILL DETECTED IN THE PROCESSED 
WIDE-AREA IMAGE, THEN RETURN TO STEP A REPEAT STEPS A THROUGH K. 
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• ROI-Specific Method - Look for bar code at specific region of interest 

(ROI) in captured image 





Setup And Cleanup Flow-Chart 

















Summary Of Automatic Events 
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FIG. 17A 





Automatic Mode Flow-Chart 






































Step 2: Search for ROIs: Partition image 
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FIG. 18B 



Step 3: Search for ROIs: Create feature vectors 
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FIG. 18C 



Step 4: Mark ROIs: Examine feature vectors 



Large intensity variance 


Step 5: Mark ROIs: Calculate barcode orientation 
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FIG. 18E 




Step 5: Mark ROIs: Calculate barcode orientation 



FIG. 18F 



Step 6: Mark ROIs: Mark four corners of barcode 
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FIG. 18G 



Step 7: Decode ROIs: Update feature vectors 









































Step 8: Decode ROIs: Look for zero-crossings 




FIG. 181 





Step 9: Decode ROIs: Create bar and space pattern 






Step 10: Decode ROIs: Decode bar and space pattern 
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Summary Of Manual Mode 



FIG. 19A 







Manual Mode Flow-Chart 



FIG. 19B 
















Summary Of No Finder Mode 
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FIG. 20A 




NoFinder Mode Flow-Chart 



















Summary Of Omniscan Mode 
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FIG.21A 




Omniscan Mode Flow-Chart 














Summary Of ROI-Specific Mode 



FIG. 22A 








ROI-Specific Mode Flow-Chart 



FIG. 22B 









FIG. 23 





FIG. 24 
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FIG. 25 




PROGRAMMABLE MODES OF BAR CODE SYMBOL READING 
OPERATION WITHIN THE HAND-SUPPORTABLE DIGITAL IMAGING- 
BASED BAR CODE SYMBOL READER OF THE PRESENT INVENTION 


Programmed Mode of System Operation No.1: Manually-Triggered Single-Attempt 
ID Single-Read Mode Employing the No-Finder Mode of Operation 

Programmed Mode of System Operation No.2: Manually-Triggered Multiple-Attempt 
ID Single-Read Mode Employing the No-Finder Mode of Operation 

Programmed Mode of System Operation No.3: Manually-Triggered Single-Attempt 
1D/2D Single-Read Mode Employing the No-Finder And The Automatic Or Manual 
Modes of Operation 

Programmed Mode of System Operation No.4: Manually-Triggered Multiple-Attempt 
1D/2D Single-Read Mode Employing the No-Finder And The Automatic Or Manual 
Modes of Operation 

Programmed Mode of System Operation No.5: Manually-Triggered Multiple-Attempt 
1D/2D Multiple-Read Mode Employing the No-Finder And The Automatic Or Manual 
Modes of Operation 

Programmed Mode of System Operation No.6: Automatically-Triggered Single- 
Attempt ID Single-Read Mode Employing The No-Finder Mode Of Operation 

Programmed Mode of System Operation No.7: Automatically-Triggered Multi- 
Attempt ID Single-Read Mode Employing The No-Finder Mode Of Operation 

Programmed Mode of System Operation No.8: Automatically-Triggered Multi- 
Attempt 1D/2D Single-Read Mode Employing The No-Finder and Manual and/or 
Automatic Modes Of Operation 

Programmed Mode of System Operation No.9: Automatically-Triggered Multi- 
Attempt 1D/2D Multiple-Read Mode Employing The No-Finder and Manual and/or 
Automatic Modes Of Operation 

Programmable Mode of System Operation No. 10: Automatically-Triggered Multiple- 
Attempt 1D/2D Single-Read Mode Employing The Manual, Automatic or Omniscan 
Modes Of Operation 

Programmed Mode of System Operation No. 11: Semi-Automatic-Triggered Single- 
Attempt 1D/2D Single-Read Mode Employing The No-Finder And The Automatic Or 
Manual Modes Of Operation 


FIG. 26A 





Programmable Mode of System Operation No. 12: Semi-Automatic-Triggered 
Multiple-Attempt 1D/2D Single-Read Mode Employing The No-Finder And The 
Automatic Or Manual Modes Of Operation 

Semi-Automatic-Triggered Multiple-Attempt 1D/2D Multiple-Read Mode Employing 
The No-Finder And The Automatic Or Manual Modes Of Decoder Operation; 
Programmable Mode of Operation No. 13 

Programmable Mode of Operation No. 14: Semi-Automatic-Triggered Multiple- 
Attempt 1D/2D Multiple-Read Mode Employing The No-Finder And The Omniscan 
Modes Of Operation v 

Programmable Mode of Operation No. 15: Continuously-Automatically-Triggered 
Multiple-Attempt 1D/2D Multiple-Read Mode Employing The Automatic, Manual Or 
Omniscan Modes Of Operation 

Programmable Mode of System Operation No. 16: Diagnostic Mode Of Imaging- 
Based Bar Code Reader Operation 

Programmable Mode of System Operation No. 17: Live Video Mode Of Imaging- 
Based Bar Code Reader Operation 


FIG. 26B 



Imaging-Based Bar Code Symbol Reading System Bar Codes' 

With Extended Multi-Mode Illumination Subsystem Wide 
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LED Arrangements For Near-Field And Far-Field Wide Area 
Illumination Arrays And Narrow-Area Illumination Arrays 
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Hands- 
Free 
Mode Of 
Operation 
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FIG. 29B 



FIG. 29C 


Narrow-Area 

Imaging 







Wide-Area 

Mode 


FIG. 30 



FIG. 31 







Hands-On Mode 
Of Operation 
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FIG. 32 
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